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Identification of all Chinese herbal flowers collected in Pharmacopoeia of the 
People's Republic of China was achieved by Library Search Techniques using 
Fourier Transform Infrared Spectroscopy (FTIR). Euclidean search method and Soft 
Independent modeling of Class Analogy (SIMCA) classification method were used 
as library search techniques to identify herbal samples by comparing infrared spectra 
database of extracts. A Chinese-herbal-flower library search database composed of 
twenty-one species was built up in each method. The IR spectrum shows the 
characteristic of a mixture rather than that of a pure compound. 
The Euclidean search method compares the shape of the sample spectrum with that 
of known spectra in a Chinese-herbal-flower library, producing an Euclidean Hit 
List, which is a list of extracts whose spectra most closely match that of the sample. 
In the S I M C A classification method individual class models for each Herb were built 
and calibrated using the Q U A N T + software. S I M C A diagnostics and validation tests 
were performed to check the validity of the model before classifying unknown 
flower extracts. 
In this study, it was found that both Euclidean search method and S I M C A 
classification method are suited for the IR spectra identification; however, the 
S I M C A classification method gives a better recognizing and rejection abilities for the 
unknown samples respective when compared with the library standards, but the 
Euclidean search method is quicker and more convenient for use. 
ii 
Abbreviations 
IR Infrared Spectroscopy 
E M Electromagnetic 
FTIR Fourier Transform Infrared Spectrometer / Spectrometry — 
T C M Traditional Chinese Medicine 
Q C Quality Control 
S D A State Drug Administration 
F D A Food and Drug Administration 
S I M C A Soft Independent Modeling of Class Analogy 
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Chapter 1: Introduction 1 
Chapter 1 
Introduction 
1.1 Basic theory of FTIR — 
1.1.1 Infrared Spectroscopy 
Infrared (IR) radiation refers to the part of the electromagnetic spectrum 
between the visible and microwave regions, involving the class of electromagnetic 
(EM) radiation with frequencies between 4000 and 400 wavenumbers (cm]). 
The IR spectroscopy involves collecting absorption information and analyzing it 
in the form of a spectrum. The resulting spectrum represents the molecular 
absorption and transmission, creating a molecular fingerprint of the material, which 
corresponds to the frequencies of vibrations between the bonds of the atoms making 
up the material. Chemical bonds in different environments will absorb varying 
intensities and at varying frequencies. Because each compound is a unique 
combination of atoms, no two compounds produce exact by the same infrared 
spectrum. Therefore, infrared spectroscopy can result in a positive identification of 
different kinds of material] The size of the peaks in the spectrum is a direct 
indication of the amount of material present. 
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Infrared spectroscopy can also be used in the analysis of mixture. The resulting 
spectrum of a mixture is the sum of the absorption and transmission of all 
compounds in the mixture, producing a characteristic fingerprint spectrum of the 
mixture. Although the interpretation of functional group of a mixture spectrum was 
very difficult, by comparing unknown spectrum with reference spectra, the unknown 
mixture can be identified and the quality or consistency of a sample can be 
determined. 
1.1.2 Dispersive Infrared Spectrometer 
The original infrared instruments were of the dispersive type. These instruments 
separated the individual frequencies of energy emitted from the infrared source by 
the use of a prism or grating. The detector measures the amount of energy at each 
frequency which has transmitted through the sample. This results in a spectrum, 
which is a plot of intensity against frequency. 
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1.1.3 Fourier Transform Infrared Spectrometer (FTIR) 
FTIR stands for Fourier Transform Infrared, the preferred method of infrared 
spectroscopy. FTIR spectrometry was developed in order to overcome the limitations 
encountered with dispersive instruments, which has a main difficulty of slow 
scanning process.^ 
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Figure 1.1 A simple FTIR Spectrometer Layout 
It collects an interfere gram of a sample signal using an interferometer and then 
performs a Fourier Transform on the interferogram to obtain the spectrum. 
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Figure 1.2 A Schematic of the Michelson Interferometer 
Figure 1.2 shows the schematic of the interferometer. The interferometer takes a 
beam of light, and splits it into two beams by a beam splitter. When the distance of 
the movable mirror from the beam splitter changes, it makes one of the light beams 
travel a different distance than the other. The difference in distance travelled by these 
two light beams is called the optical path difference. After the two beams combined 
together, different wavelengths of radiation are in-phase and out-of-phase at a 
frequency that is dependent both upon the rate at which the mirror moves and the 
frequency of radiation. The complex pattern of overlaid sinusoidal waves of light is 
known as an interfere gram. The interferogram can be converted back to the original 
frequency distribution by means of a Fourier transform by computer.‘ 
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1.1.4 Advantages of FTIR 
1.1.4.1 Multiplex advantage 
In an FTIR spectrometer all wavelengths are collected simultaneously whereas 
_ in dispersive type wavenumbers are observed sequentially as grating is scanned. 
When spectra are collected under identical conditions on dispersive and FTIR 
spectrometers, the signal-to-noise ratio of the FTIR spectrum will be greater than that 
of dispersive spectrum by a factor of N": where N"〗is the number of resolution 
elements] 
1.1.4.2 Throughput advantage 
All the infrared radiation passes through the sample and strikes the detector at 
once in an FTIR spectrometer. There is no slit to restrict the wavenumber range and 
reduce the intensity of infrared radiation that strikes the detector. Therefore, the 
detector sees the maximum amount of light at all points during a scan. 
An instrument with a high signal to noise ratio will be more sensitive, be 
applicable to weak signals and more kinds of samples, and allow absorbance to be 
measured more accurately than an instrument with a low signal to noise ratio. 
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1.2 Traditional Chinese Medicine (TCM) 
Traditional Chinese medicine has existed for thousand years. It appeared in 
ancient China as far as in the Shen Nong Pen T'sao Jing (神農本草經）or Emperor 
Shen Nong's Classic Herbal, which was published in 200 B C and believed to be the 
earliest medical monograph of China. There is no doubt that T C M is useful for 
treating many kinds of illness. The main function of T C M is treating the acute 
diseases and conditions such as killing bacteria or a vims; healing chronic illness 
such as gastrointestinal disorder, respiratory disorder, allergies, immune system 
deficiency by strengthening the body, helping it to recover and maintaining daily life 
health by keeping the balance of human body. 
In recent years, T C M is getting more attention. Because of the realization of 
limitation of western approach, people are seeking alternative approach to boost up 
the body against ageing, cancer, AIDS, and various immune diseases. T C M is 
suitable for these sorts of disease by aiming to stimulate the body's support 
mechanism to enable it to heal itself. Moreover the combination of western approach 
and the T C M approach in treating diseases become more and more popular. Many 
people believe that it is more efficient and useful. T C M is also gaining global 
popularity as alternative medicine and health supplements and expands rapidly in 
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most western countries. 
However, the efficiency of T C M can be highly affected by the quality of the raw 
material while the quality of the raw material and product may vary dramatically due 
to different species, location, growth season, maturation and so on.6 
There are some causes for the large quality variation of T C M . Firstly, the 
description of the shape and appearance of the T C M in the Chinese material Medica 
is too simple. Secondly, there are plenty of alternative given name(s) and place of 
origin of a T C M , which makes people feel ambiguous and difficult to classify the 
medicine. Thirdly, due to the different custom and dialect between different places in 
China, different T C M may have similar or even have the same name and are being 
mixed up. Fourthly, some T C M may have similar appearance and mis-recognized 
and collected wrongly. Fifthly, when the supply of one T C M is unable to meet the 
demand, some merchants may use another T C M as substitute. Sixthly, some 
tradesmen play tricks or mix the spurious one with the genuine one in order to earn 
more money. The more expensive the T C M is, the more the fake product exists in the 
market. 
/ 
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Therefore, there are fake or poor quality herbal drugs in the market. These 
substances may be ineffective and even lethal/'^  One of the key factors in prompting 
the T C M based products in international market is to have good quality control (QC). 
For this reason, the identification of Chinese herbal drugs is very important. The 
Chinese government is highly supportive of this modernization of TCM.^ 
1.3 Identification of Traditional Chinese Herbal Medicine 
1.3.1 Traditional method for the Identification of TCM 
The identification of traditional Chinese medicine has a long history. It started 
from Shen Nong Pen T'sao Jing (神農本草經)，which collected 365 medicines from 
plants, animals and minerals with a description and function of the medicines. Before 
the 19th century people used experience to identify medicine. After that four main 
identification methods, namely, source identification, trait identification, microscopic 
identification and physicochemical identification, gradually become widely used for 
the identification of T C M . 
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1.3.2 Instrumental method for the Identification of TCM 
Nowadays, in order to get more accurate and reliable identification, modem 
identification methods, mainly instrumental analysis methods, have been developed 
and applied. It includes chromatography, spectroscopic jnethods, molecular 
biological technique, electrophoresis, artificial neural networks, fingerprint method 
1 10-16 
and so on. 
1.3.2.1 Identification of TCM using fingerprint method 
Usually, certain active ingredients of the T C M are being analyzed quantitatively 
to guarantee the quality of the Medicine. However, Chinese medicine is very 
complex and intricate.4 The integration of the ingredient components of whole 
medicine is very important towards its function. Therefore, it will be the trend that 
the analytical chemistry develops from microanalysis towards macro analysis of the 
whole medicine. 17 T C M now requires some comprehensive evaluation measure to 
assess the quality of the Chinese herbal medication. 
Fingerprint is one of the feasible approaches to be a more comprehensive and 
more effective for the quality assessment of Chinese herbal m e d i c a t i o n ] 8-20 
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Since different kinds of medicine have different components and composition of 
compounds, each kind of medicine would have its own fingerprint infrared spectrum. 
Hence it can be used for the identification of T C M . Fingerprint infrared spectroscopy 
plays an important role in the quality control and identification in chemical and 
pharmaceutical industries. A lot of efforts are now put on the research and 
development of fingerprinting of T C M 4 It is preferred and supported by the State 
Drug Administration (SDA) and accepted by Food and Drug Administration 
(FDA).i7 
Some researchers identified Chinese herbal drugs just by visual comparison of 
the intensity and wavenumber of the peaks of the spectral fingerprints.^In order to 
be more accurate and to reduce the time consumed, spectral fingerprints should be 
3 32 39 
quantified and the comparison should be handled by computers.，‘ 
1.3.3 Identification of TCM using FTIR fingerprint method 
A n FTIR fingerprint of a T C M represents the integration of IR spectra of the 
whole content of the T C M . Since every T C M has a unique chemical content, some 
researchers have used FTIR fingerprinting method to identify T C M . Moreover, 
different T C M can be analysed by using the same solvent system rather than 
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changing the solvent system for every T C M . Therefore this method is suitable for 
building up fingerprint library database. 
1.4 Objective — 
The objective of this research is to apply FTIR fingerprinting method to identify 
the traditional Chinese herbal flowers collected in Pharmacopoeia of the People ’s 
Republic of China. A database of these herbs was built. Two Library search 
techniques, namely, Euclidean and S I M C A were applied to identify the T C M . 
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Figure 2.1 Outline of the method — 
In this research, all the procedures were standardized. Samples were collected 
followed by extraction of ingredients. IR analysis and data processing were then 
performed. Part of the data was stored to a Library database and part of the data was 
treated as sample to be identified using the library database. Figure 2.1 shown the 
outline of the method. 
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2.2 Reagents and glassware 
Analytical grade dichloromethane from Lab-Scan and Fisher Chemical was 
used extraction. Deionized water was used for extraction and washing. Analytical 
grade 9 5 % calcium chloride from Aldrich was used in the drying process丄 
Spectroscopy grade potassium bromide purchased from Merck was used to prepare 
the KBr pellets. All glassware was washed thoroughly with detergent and rinsed with 
deionized water and dried with an oven. 
2.3 Instrumentation 
Perkin Elmer model 1615 FTIR spectrometer with a lithium tantalite standard 
detector was used to measure the IR spectra. A Coming hot plate stirrer was used for 
decoction. A Wig-L-Bug amalgamator model 3110b was used to mix the sample 
extract with KBr and grind the mixture to fine powder. A n Aldrich macro-micro KBr 
pellet die was used to prepare the KBr pellets for the IR analysis. 
2.4 Library search program 
Soft Independent Modeling of Class Analogy (SIMCA), which is a 
commercial-available software program produced by Perkin-Elmer Limited was 
employed. 
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Euclidean Search is in a software package of spectrum 3.01 also produced by 
Perkin-Elmer Limited was also employed for the research. 
2.5 Samples 
Twenty-one species of Chinese Herbal flowers are collected in Pharmacopoeia 
of People's Republic of China, which is a national code of standards for the quality 
of drugs. In this research, 64 samples in total from the twenty-one species were used. 
They were collected from Hong Kong retail shops, the School of Chinese Medicine 
of the Chinese University of Hong Kong and National Institute for the Control of 
Pharmaceutical and Biological Products. 
The Chinese name, Latin medicine name and the number of sample of each 
species of herbal flowers are listed in Table 2.1. The listed symbols will be used to 
represent the corresponding flowers in the subsequent part of this thesis. 
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Table 2.1 Lists of Samples 
Symbol Chinese Latin Medicine N a m e Chinese N a m e No. of sample 
used N a m e Spelling collected 
hhh 合歡花 Flos albizia Hehuanhua 3 
m m 密蒙花 Flos buddlejae Mimenghua 3 
Ixh 凌霄JifE Flos campsis Lingxiaohua 2 
hgh 紅花 Flos carthami Honghua 4 
dx 丁香 Flos caryophylli Dingxiang 4 
jgh 雞冠花 Flos celosiae cristate Jiguanhua 3 
jh 菊花 Flos chrysanthemi Juhua 4 
yjh 野菊花 Flos chrysanthemi indici Yejuhua 3 
ynh 洋金花 Flos daturae Yangjinhua 2 
gjh 谷精花 Flos ericauli Gujingcao 3 
kdh 款冬花 Flos fararae Kuandonghua 4 
yh 完花 一 Flos genkwa Yuanhua 2 
jyh 金銀花 Flos loicerae Jinyinhua 4 
sfh 旋覆花 Flos imilae Xuanfiihua 2 
xy 辛夷 Flos magnoliae Xinyi 4 
hph 厚朴花 Flos magnoliae officinalis Houpohua 3 
mh 梅花 Flos mume Meihua 3 
nyh 鬧羊花 Flos rhododendri mollis Naoyanghua 2 
ygh 月季花 Flos rosae chinensis Yuejihua 1 -
mgh 玫瑰花 Flos rosae rugosae Meiguihua 3 
hh 槐花 Flos sophorae Huaihua 5 
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2.6 Sample pretreatment 
Samples were identified by Professor Hu Shiu Ying, Honorary Professor of 
Chinese Medicine, and were then stored in a clean dry plastic bag ready for use. 
2.7 Extraction of ingredients 
In the extraction part, about 5g of each sample was put into a 250-ml beaker and 
was boiled with 150 ml of deionized water to 50 ml by a heater. The mixture was 
filtered by suction filtration and washed with 20 ml of deionized water. The filtrate 
was transferred to a 100-ml separating funnel and extracted with 20 ml of 
dichloromethane fourth times. The organic layers were collected in a 100-ml conical 
flask, dried with anhydrous calcium chloride and then filtered by a filter funnel to a 
100-ml conical flask. The filtrate was evaporated to about 2 ml by a rotary evaporator, 
and then transferred to a 5-ml vial containing about 0.2g of KBr. It was evaporated 
by a rotary evaporator until dried. The KBr mixture was used to prepare KBr pellet 
for collecting the IR spectrum. 
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2.8 Preparation of KBr pellet 
About O.lg of the dried KBr mixture was mixed with about 0.3g of KBr powder 
and a Plexiglas ball pestle in a 1-ml stainless steel sample holder. It was shaken with 
a Wig-L-Bug amalgamator for 30 seconds for three times in a 10 seconds interval. 
Then the Plexiglas ball pestle was removed from the sample holder. The KBr mixture 
in the sample holder was ground again with the Wig-L-Bug amalgamator for 30 
seconds twice in a 10 seconds interval. About 200mg of the ground KBr mixture was 
transferred to a KBr pellet die which was then pumped for 3 minutes to remove the 
gaseous and water vapor trapped in the KBr mixture. Then, the die was pumped for 
another 2 minutes with 8 tons of pressure on the die. After that the KBr pellet disc 
was obtained and was held by a sample holder and put in the FTIR spectrometer to -
collect the spectrum of the sample. The time of exposure for the KBr mixture and 
pellet should be kept as short as possible to prevent the reaction of KBr and water. 
2.9 IR spectrum measurement 
The IR spectrum was collected in absorbance for the spectral range 4000cm"'— 
400cm'' with sampling interval of 2cm"' with resolution: 8cm-^ with 64 scans. The 
data range was 2000cm'^ 一 700cm"'. 
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2.10 Data processing 
The spectrum was smoothed at 5 points using block average algorithm and 
normalized to 1 42 
2.11 IR Database 
The spectra of the twenty-one flowers extract were collected and used for 
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Figure 2.4 Flos carthami (紅花） 
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Figure 2.6 Flos albizia (合歡花） 
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Figure 2.7 Flos magnoliae officinalis (厚朴花） 
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Figure 2.8 Flos celosiae cristate (雞冠花） 
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Figure 2.10 F/os loicerae (金銀花) 
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Figure 2.12 Fhs campsis (凌霄花） 
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Figure 2.14 F/os mume (梅花) 
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Figure 2.15 Flos buddlejae (密蒙花） 
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Figure 2.16 Flos rhododendri mollis (鬧羊花） 
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Figure 2,17 Flos inulae (方定覆花) 
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Figure 2.18 Flos magnoliae (辛夷） 
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Figure 2.19 Flos rosae chinensis (月季花） 
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Figure 2.21 Flos genkwa (完花） 
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Figure 2.22 Flos datiirae (洋金花） ‘ 
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2.12 Reproducibility of extraction 
The experimental procedure was repeated three times for each of the sample to 
obtain three spectra in order to test for the reproducibility of the extraction method. 
The relative standard deviation for the peak intensity]〗 and that for the peak positions 
of the three spectra collected for each sample were calculated. The distribution of 
R S D (%) for the peak position graph and the distribution of R S D (%) for the peak 
intensities graph were plotted and shown in Figure 2.23 and Figure 2.24 respectively. 
From the graphs, it can be seen that nearly all peak positions have R S D value below 
0.05 % and around 90% of peak intensities have R S D value below 5 % . These results 
show that the reproducibility of the extraction method is satisfactory. 
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Chapter 3 
Application of Library Search Techniques 
- Results and Discussion 
3.1 Introduction 
Library search program is useful in the case where the spectra are not easily 
distinguishable from each other. It can reduce the time consumed for comparing the 
spectra and increase the reliability of the identification result. However it is 
recommended that a visual comparison of the sample and library spectra should be 
made before accepting identification. 
In the identification of Chinese herbal flowers under study, at least three spectra 
were collected for each sample. Library search programs were used for comparing an 
unknown spectrum with a set of reference spectra. Two library search techniques 
were applied to recognize the spectra. They were Euclidean^^ and Search Soft 
Independent Modeling of Class Analogy (SIMCA)^^. In the following part the 
application of these two techniques on the identification of Chinese herbal medicine 
will be discussed. 
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3.2 Euclidean Search 
Before using a Euclidean Search technique, a library database was built by 
inputting the reference spectra using Library Building Utility. Then Euclidean Search 
compared the shape of the sample spectrum with the shapes of known spectra in a 
library, and reported the best matches. The match similarity score was shown in the 
Euclidean hit list, which would display the 28 highest-scoring spectra from a 
Euclidean Search,] 
3.2.1 Similarity Score of reference spectra 
Similarity score is a way of objectively fixing the "degree of resemblance" between 
two points or between two samples. For Euclidean Search method, similarity score 
based on the following Euclidean distance"^ ,^ and the score is automatically 
calculated 
N — 
D(x,y)= P(xry,)2 严 
i=l 
The similarity scores for the reference spectra of the flowers are shown in Table 3.1. 
The higher the score is, the more closely the sample spectra match to the reference 
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spectra. Scores of 100 imply that the shapes of the two reference spectra are the same. 
For each flower in Table 3.1, the similarity scores of all reference spectra are listed. 
The flower reference spectra with the highest scores are taken out and shown as the 
hit list (in descending order of the scores) in Table 3.2。We can see that for all 
flowers the first member in the hit list with score of 100 is the reference sample itself 
while the second member to the fourth member are the other reference samples in the 
library. 
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Table 3.1 the similarity score among the reference spectra 
dx gjh hgh hh hhh H p h jgh jh jyh kdh 
dx 100.0 62.1 29.8 39.2 65.5 64.0 63.3 42.3 39.4 43.3 
gjh 62.1 100.0 71.9 51.3 73.5 60.8 83.9 68.3 74.1 67.5 
hgh 29,8 71.9 100.0 51.6 51.4 21.2 60.6 66.9 88.7 66.8 
hh 47.3 51.3 51.6 100.0 42.9 21,6 41.9 53.9 50.0 39.5 • 
hhh 65.9 73.8 52.5 42.4 100.0 78.2 73.3 63.9 58.4 66.6 
hph 63.9 60.8 21.5 21.3 77.8 100.0 64.9 48.6 31.7 52.5 
jgh 66.2 83.9 60.6 41.9 72.8 64.9 100.0 57.8 75.7 61.4 
jh 42.2 68.4 67.2 53.8 71.6 48.7 57.9 100.0 63.7 82.1 
jyh 39.4 74.1 88.8 50.0 57.9 31.6 75.6 63.4 100.0 64.4 
kdh 43.4 67.5 66.7 39.5 66.3 52.1 61.4 82.0 64.4 100.0 
Ixh 42.9 71.1 59.9 63.0 58.6 48.5 61.5 73.4 64.7 56.9 
m g h 58.3 69.5 65.6 52.2 77.8 48.7 75.5 75.1 77.9 64.3 
m h 47.3 74.6 81.9 39.2 61.0 39.1 71.3 57.7 87.3 63.8 
m m 56.2 79.0 72.8 46.9 61.6 42.0 87.0 48.9 83.9 59.3 
nyh 46.6 70.0 71.7 52.5 64.5 40.6 69.3 70.4 83.9 67.8 
sfh 42.9 72.2 76.6 36.9 62.8 48.2 67.0 72.9 73.6 86.3 
xy 65.3 69.7 32.2 27.7 68.4 86.2 78.5 47.3 45.4 58.1 
ygh 47.2 66.4 82.2 41.9 72.8 37.7 68.1 57.8 86.5 67.9 
yh 66.1 85.7 68.0 53.6 71.6 57.8 86.9 51.6 77.0 57.0 
yjh 39.4 65.3 77.5 43.2 68.7 46.5 58.9 80.6 76.8 82.2 
ynh 24.5 43.0 61.1 38.7 43.4 23.3 39.7 49.6 64.6 47.9 
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Ixh m g h m h m m nyh sfh xy ygh yh yjh ynh 
dx 42.9 58.3 47.4 56.2 46.4 42.9 65.2 46.8 66.2 41.8 24.5 
gjh 71.1 69.5 74.6 79.1 69.9 72.3 69.6 65.6 85.7 65.3 43.0 
hgh 59.9 65.6 81.9 72.8 71.7 76.7 32.2 82.3 68.0 77.5 61.2 
hh 63.0 52.2 39.2 46.9 52.6 37.0 27.8 49.0 53.7 43.2 38.7 
hhh 58.2 77.8 61.5 61.9 64.4 63.2 68.4 68.4 71.8 69.2 43.6 
hph 48.4 48.6 39.3 41.9 40.3 48.4 86.3 36.9 57.8 46.8 ‘ 23.4 
jgh 61.5 75.4 71.3 87.0 69.2 67.0 78.4 68.3 86.9 58.9 39.7 
jh 73.5 75.1 58.1 49.0 70.5 73.4 47.7 69.5 51.8 80.8 50.0 
jyh 64,8 77.9 87.3 83.9 83.9 73.6 45.4 86.8 77.0 76.8 64.6 
kdh 56.9 64.3 63.8 59.3 67.7 86.3 58.3 67.8 57.0 82.2 48.0 
Ixh 100.0 66.2 56.2 58.4 68.9 56.7 51.3 59.6 66.5 63.0 39.3 
m g h 66.2 100.0 76.8 63.7 89.3 63.7 42.1 89.2 69.0 78.9 64.7 
m h 56.2 76.8 100.0 72.9 83.9 73.1 44.3 87.6 75.5 78.1 71.5 
m m 58.5 63.6 72.9 100.0 68.5 68.7 61.4 66.3 88.6 78.1 42.3 
nyh 68.9 89.2 84.0 68.7 100.0 70.4 39.7 84.7 70.3 80.9 77.4 
sfh 56.7 63.7 73.1 68.7 70.1 100.0 57.3 76.2 —70.9 77.0 57.0 
xy 51.2 42.0 44.3 61.5 39.2 57.3 100.0 36.1 67.9 46.6 16.2 
ygh 60.4 89.2 87.3 65.7 84.4 76.0 78.4 100.0 69.4 83.2 68.1 
yh 66.5 69.0 75.5 88.6 70.1 70.8 67.8 69.9 100.0 59.0 45.0 
yjh 63.0 78.9 78.1 57.1 80.7 77.0 45.4 83.1 59.0 100.0 65.7 
ynh 39.3 64.7 71.5 42.3 77.3 57.0 16.4 68.7 44.9 65.7 100.0 
Chapter 3 ： Application of Library Search Techniques - Results and Discussion 36 
Table 3.2 Searching results of the reference sample using Euclidean Search 
1st member in 2nd member 3rd member 4th member in 
the hit list in the hit list in the hit list the hit list 
Reference sample Target Score Target Score Target Score Target Score 
hhh Hehuanhua Hhh 100 Hph 77.8 M g h 77.8 Gjh 73.5 
m m Mimenghua M m 100 Yh 88.6 Jgh 87.0 Jyh 83.9 
Ixh Lingxiaohua Lxh 100 Jh 73.5 Gjh 71.1 Nyh 68.9 
hgh Honghua Hgh 100 Jyh 88.8 Ygh 82.2 M h 81.9 
dx Dingxiang Dx 100 Yh 66.1 Hhh 65.9 Xy 65.3 
jgh Jiguanhua Jgh 100 M m 87.0 Yh 86.9 Gjh 83.9 
jh Juhua Jh 100 Kdh 82.0 Yjh 80.6 M g h 75.1 
yjh Yejuhua Yjh 100 Ygh 83.2 Kdh 82.2 Nyh 80.9 
ynh Yangjinhua Ynh 100 Nyh 77.4 M h 71.5 Ygh 68.1 
gjh Gujingcao Gjh 100 Yh 85.7 Jgh 83.9 M m 79.0 
kdh Kuandonghua Kdh 100 Sfh 86.3 Yjh 82.2 Jh 82.1 
yh Yuanhua Yh 100 M m 88.6 Jgh 86.9 Gjh 85.7 
sfh Xuanfuhua Sfh 100 Kdh 86.3 Yjh 77.0 Hgh 76.7 
jyh Jinyinhua Jyh 100 Hgh 88.7 M h 87.3 Ygh 86.5 
xy Xinyi Xy 100 Hph 86.3 Jgh 78.4 Gjh 69.6 
hph Houpohua Hph 100 Xy 86.2 Hhh 78.2 Dx 64.0 
m h Meihua M h 100 Jyh 87.3 Ygh 87.3 Nyh 84.0 
nyh Naoyanghua Nyh 100 Mgh 89.3 Ygh 84.4 Jyh 83.9 
ygh Yuejihua Ygh 100 M g h 89.2 M h 87.6 Jyh 86.8 
mgh Meiguihua M g h 100 Ygh 89.2 Nyh 89.2 Yjh 78.9 
hh Huaihua Hh 100 Lxh 63.0 Jh 53.8 Yh 53.6 
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3.2.2 Similarity Score of Known Sample Spectra 
After the library databases was built up, a sample could be searched against the 
library databases. Three known spectra for each sample were obtained and searched 
against the library databases using Euclidean Search. The similarity score of the 
known sample to the target reference spectrum were listed in table 3.3. 
Table 3.3 Search results of known sample by Euclidean Method 
Similarity 
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Flos celosiae 99.9 
cristate jgh02 99.6 
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Flos campsis lxh02 100.0 
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98.9 
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99.7 、 
sfhOl 99.7 
















Flos rosae 95.5 
chinensis yghOl 95.5 
92.6 










Fbs 96.6 — 







Flos daturae 94 2 
ynh02 100.0  
98.7 
The average similarity score of known sample spectrum to the target reference 
spectrum were calculated and shown in Figure 3.1 with the standard derivation of the 
average similarity score shown in Figure 3.2. _ 
It can be seen that 17 out of 21 flowers have average similarity score of above 
95 and 4 out of 21 have average score between 90 and 95. All the average scores 
have relative standard deviation of below 5%. 
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3.3 Soft Independent Modeling of Class Analogy (SIMCA) 
S I M C A is a commercially available software program produced by 
Perkin-Elmer instruments. It is used to classify an unknown sample in terms of 
— classes, 
S I M C A is built by the idea of Principal Components Model from measurements 
on a representative group of authentic samples that covers the acceptable range of 
variation. A sample can be characterized by its principal component score and by the 
residual for the model of this sample. The principal component scores show whether 
the sample appears to lie inside the range of the model whereas the residual 
corresponds to that part of the measurement that cannot be represented by the model. 
A combination of the scores and the residual are used to calculate the probability that 
the new sample is within the acceptable range. 
When assigning a sample to one of a number of possible classes, the sample is 
compared with each model of the class in turn. The sample may fit none of the 
classes, it may fit only one of the classes, or it may fit more than one of the classes. 
Before using the SIMCA program, at least 5 standard spectra for each of the 
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sample were input. P R O C E S S was used to calculate the mean and standard deviation 
of the spectra of the batch. Then a Q U A N T + method for each sample class was 
created and calibrated so that the class can be defined based on the set of spectra. 
Then the model could be tested by D I A G N O S T and the interclass distances, the class 
distances, recognition and rejection rates, modeling powers and discriminating 
powers for the variables were calculated in order to check the classes are sufficiently 
separated.46 
The interclass distance Dab is defined as: 
(Sab)' + (Sba)2 
(1+Dab)'=  
(Saa)2 + (Sbb)2 
where (Sab)〗 is the residual variance for the standard of class a when fitted to the 
model of class b, while (Sba)^  is the residual variance for the standard of class b when 
fitted to the model of class a. (Saa)^  and (Sbb)^  are the residual variances of the 
standards fitted to their own class models. All the samples are tested against all the 
models and are summarized in terms of the interclass distances. 
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3.3.1 Verification Diagnostic Report of the Reference flowers 
Table 3.4 reports the interclass distances, which are the arbitrary distances 
between each of the class of flowers. The larger the number, the longer is the 
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The recognition and rejection rates are reported in Table 3.5. Take the dx class 
as an example, 17 out of 17 known spectra of dx were recognized as dx, while 133 
out of 133 spectra were rejected and considered to belong to the flowers other than 
dx in the databases. Hence there is a total of 150 spectra in the library databases (i.e. 
17 plus 133). From the diagnostic report, we can see that all 17 dx spectra were 
assigned to the dx class; therefore the recognition rate for the dx class was 100%. On 
the other hand, all 133 spectra, which did not belong to the dx class, were rejected by 
the dx class and therefore the rejection rate of dx class was 100%. For this result, we 
can see that the recognition rate and the rejection rate are reported 100% indicating 
good separation of each class of compound and there is no overlapping between the 
classes. As a result, the library databases could be used for the classification of the 
flowers. 
After that a set of known spectra which were different from the spectra used in 
building Quant+ method databases were used to validate the models by using 
VALID. 
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Table 3.5 Verification Diagnostic report 
% Recognition rate % Rejection rate 
dx 100(17/17) 100(133/133) 
^Jh 100(11/11) 100(139/139) 
hgh 100(7/7) 100(143/143) 
hh 100(13/13) 100(137/137) 
hhh 100(6/6) 100(144/144) 
hph 100(8/8) 100(142/142) 
jgh 100(6/6) 100(144/144) 
jh 100(10/10) 100(140/140) 
jyh 100(6/6) 100(144/144) 
kdh 100(10/10) 100(140/140) 
Ixh 100(5/5) 100(145/145) 
mgh 100(6/6) 100(144/144) 
mh 100(4/4) 100(146/146) 
m m 100(9/9) 100(141/141) 
nyh 100(4/4) 100(146/146) 
sfh 100(5/5) 100(145/145) 
xy 100(8/8) 100(142/142) 
- yh 100(5/5) 100(145/145) 
yjh 100(6/6) 100(144/144) 
ynh 100(4/4) 100(146/146) 
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3.3.2 Classification of Flowers 
CLASSIFY in the S I M C A program was used to test a spectrum against each class to 
find out if it belonged to that group.42 一 
A typical Verification Classify Report for each of the twenty flowers which have 
been correctly classified are shown in pages 53-72. It is noted in the classify software, 
the critical probability level for correct identification is set at 0.01, 44 46 jf the 
probability of a spectrum to a class is larger than the 0.01 limits, the spectrum will be 
classified as belonging to the class. If the probability of a spectrum to a class is lower 
than the 0.01 limits, the spectrum will not be classified to be the class. Take dx on 
P.53 as an example, dx has a probability value of 0.9677 > 0.01; hence the spectrum 
was classified as dx. 
In addition to the table report, the result can be shown as a graphic 
representation, which shows the spectrum residuals and model residuals. Spectrum 
residuals are the residual column, which lists the spectrum residual for each class that 
—is a measure of the lack of fit of the spectrum to the class model. The model residual 
is the Mahalanobis residual, which is the residual from the hyper box within class 
space. The distance between the sample spectrum (origin) and the classes is the 
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combined residual, which is the square root of the sum of the squares of the spectrum 
residuals and model residuals. The arc is the critical distance. If the combined 
residual of the spectrum from a class is less than the critical distance, then the 
spectrum is a member of the class.斗斗 
Again, Figure 2.2 on P. 53 confirms that the spectrum is a member of dx. 
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Distance to class Residual Model Combined Probability 
Class name 
dx.md 0.5609 0 0.5609 0.9677 
nyh.md ^ 0 10.3 <0.0001 
mh.md 11.82 0 11.82< 0.0001 ^ 
ynh.md 12.39 2.293 12.6< 0.0001 
yjh.md — 16.86 3.469 17.21 <0.0001 
yh.md 6.532 0 6.532 <0.0001 
Ixh.md 18.23 0 18.23 <0.0001 
jyh.md 8.096 0 8.096< 0.0001 
hhh.md 5.132 0 5.132<Q.00Q1 
gjh.md 0 6.21 0 
mgh.md 6.838 Q 6.838 0 
hph.md 7.162 0 7.162 0 
jgh.md 7.323 0 7.323 0 
xy.md 8.105 0 8.105 0 
m m . m d 8.663 0 8.663 0 
hh.md 15.24 0.3159 15.24 0 
jh.md 0 15.29 0 
sfh.md 15.84 0 15.84 0 
kdh.md 0 16.14 0 
hgh4.md 17.47"~0.QQ15| \lAl\ "o 
17.5 x -hgh4 ^ - yjh 
1 5 雜 
- xX--视 h 
g X - mh 




0.0 4 _ ^ , , , - n 
0.0 5 10 15 17.5 
Model Residuals 
Figure 2.2 Classification report of Flos caryophylli (丁香） 
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Distance to class Residual Model Combined Probability 
Class name 
gjh.md 0 1.074 0.3372 
yh.md Q 3.084 0.0011 
nyh.md ^ m 0 6.902 0.0001 
mh.md Q 7.543 0.0001 
Jgh.md ^ 0 3.29 <0.0001 
Ixh.md 〇 1〇.18< 0.0001 . 
ynh.md U ^ Q 11.08 <0.0001 
yjh.md 〇 15.04 <0.0001 
jyh.md 0 5.954 <0.0001 
mm.md 4.48 0 4.48 0 
mgh.md 0 5.575 0 
hhh.md 0 5.582 0 
kdh.md 6.919 0.05744 6.919 0 
hh.md 0 7.874 0 
xy.md 7.39 4.424 8.613 0 
hgh4.md 10.48 0.3077 10.48 0 
hph.md njJ 0 11.11 0 
sfh.md 12.04 2.68 12.34 0 
jh.md 12.34 0.8194 12.37 0 
dx.md 13.31 6.32! 14.72! "o 
13.9 X-yjh , 
1 ” X - dx 
12- x - !h 
X - h^ hr sfh 
1 0 菱 二 _ 
I •x-hgh4 
1 8 讀 x-xy 
2 6 - nyh 
老 l^ftfh 
Q. ^ X - mm 
2 - 、 
X - gjh\ 
0 . 0 ^ — — ^ n • , 
0.0 5 10 13.9 
Mode丨 Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
hgh4.md 0.1396 Q 0.1396 0.9991 
nyh.md ^ 0 3.18 0.0092 
jyh.md 0 2.403 0.0079 -
mgh.md 0 2.385 0.002 
mh.md 4.481 — 0 4.481 0.0016 
yh.md 0 3.411 0.0004 
yjh.md r m 〇 7.626 Q.QQQl 
ynh.md 7.814 0.4936 7.829 0.0001 
Ixh.md Q 9.186< 0.0001 
jgh.md 3.542 0.7451 3.619 <0.0001 
hhh.md 0 5.507 <0.0001 
gjh.md 〇 3.267 0 
mm.md A j m 0 4.742 0 
kdh.md 5.118 1.94 5.474 0 
hh.md 7.09 1.027 7.164 0 
jh.md 0 7.63 0 
sfh.md 0 9.71 0 
xy.md 10.82 2.906 11.2 0 
hph.md 0 13.07 0 
dx.md 20.3| 9.1191 22.26! ~Q 
21.9 x - d x 
20 _ 





① 5 _ 會 y j h 
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Figure 2.7 Class i f ica t ion report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
hh.md 0.9993 0 0.9993 0.4491 
nyh.md 0 8.377 <0.0001 
Ixh.md 0 10.21 <0.0001 -
mh.md Q 10.42 <0.0001 
— ynh.md U ^ Q 11.73 <0.0001 
yh.md 〇 5.799 <0.0001 
yjh.md 14.18 5.673 15.27 <0.0001 
jyh.md 0 6.954 <0.0001 
gjh.md 0 5.583 0 
mgh.md 0 6.509 0 
jgh.md 0 7.256 0 
hhh.md 〇 7.373 0 
mm.md 8.109 0.5263 8.126 0 
xy.md 11.41 1.425 11.5 0 
hph.md 0 11.91 0 
jh.md 0 13.32 0 
kdh.md 13.43 3.714 13.93 0 
hgh4.md 14.25 1.778 14.36 0 
sfh.md 0 16.97 0 
dx.md 19.94! 8.541! 2 1 ^ 0 
20.3 X - dx 
X - s f h 
. 矜 々 y j h 
I 
I 1Q』;斌 x-xy 
I m 
⑴ c x - m ^-x-gjn 
0 . 0 . _ 、 , , , ^ 
n I I 1 n 
0.0 5 10 15 20.3 
Model Residuals 
Figure 2.7 Classification report of Flos m a g n o l i a e officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
hhh.md 0.2154 0 0.2154 0.9985 
nyh.md 0 11.13< 0.0001 
mh.md Q 12.38 <0.0001 一 
ynh.md 1 3 ^ 0 13.22 <0.0001 
yjh.md 17.77 1.529 一 17.83 <0.0001 
Ixh.md ^ 0 18 <0.0001 
yh.md 7.309 „ 0 7.309 <0.0001 
jyh.md 8 m Q 8.964 <0.0001 
hph.md 3 m 0 3.809 0 
xy.md 5.855 0 5.855 0 
jgh.md 6.532 0.01678 6.532 0 
gjh.md 6 m 〇 6.679 0 
mgh.md Q 7.272 0 
mm.md 10.32 0.2259 10.32 0 
jh.md 15.17 1.473 15.24 0 
sfh.md 15.64 2.319 • 15.82 0 
kdh.md ^ 〇 16.43 0 
hh.md ^ 1.9 18.23 0 
hgM.md 20.43 0 20.43 0 
dx.md 21.47! 10.48丨 23.891 0 
23.6 X - dx 
2 0 . 
召 lb - x-hgh4 
m X - y jh 
I 10 i . s f h 
I 哼 
^ h h 
0 0 4 — ^ — — , , 1 1 . 
0.0 5 10 15 20 23.6 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
j 
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Distance to class Residual Model Combined Probability 
Class name 
hph.md 0.6307 0 0.6307 0.8982 
hhh,md Q 2.168 0.0053 
nyh.md 0 11.04 <0.0001 
mh.md 1 2 ^ 0 12.24 < 0.0001 
_ynh.md 0 12.78 < 0.0001 
Ixh.md 1 7 ^ 0 17.93 <0.0001 
yjh.md 18.24 1.424 18.29 <0.0001 
yh.md i m 0 7.038 <0.0001 
jyh.md m 0 8.84 <0.0001 
xy.md 0 4.156 0 
jgh.md 5.969 0.2622 5.975 0 
gjh.md 0 6.189 0 
mgh.md j m 0 7.091 0 
mm.md 9.425 0.8501 9.463 0 
sfh.md 14.53 2.533 14.75 0 
jh.md 14.83 1.551 14.91 0 
kdh.md 16 0 ^ 0 
hh.md 17.01 3.318 17.33 0 
dx.md 17.79 8.303 19.63 0 
hgh4.md 19.82! 〇| 19.82! 0 
20.4 ^ - hgh4 
x - k d h x - h h x - dx 
1 5 釣 种 tn _ 
§ X ^ mi^ inh 
罢 X - nyh 
10 X - mm 
2 "^-jyh 
I 
- 3 - X - xy 
x -hhh 
, • , n 
0.0 5 10 15 20.4 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
Jgh.md 0.5147 Q 0.5147 0.927 
yh.md 0 2.891 0.0018 
nyh.md 0 4.524 0.0015、 
mh.md 0 5.587 0.0005 
-jyh.md Q 4.156 ,0.0001 
ynh.md 0 8.471 <0.0001 
mgh.md ^ 0 .3.4 <0.0001 
yjh.md 〇 9.848 <0.0001 
Ixh.md 0 11.27 <0.0001 
hgh4.md 5.582 0.4797 5.603 <0.0001 
gjh.md 0 2.658 <0.0001 
sfh.md 6.915 2.792 7.458 <0.0001 
hhh.md Q 4.819 <0.0001 
mm.md 4 m 0 4.023 <0.0001 
kdh.md 0 4.574 0 
hh.md 0 7.919 0 
jh.md ^ 0 ^ 0 
xy.md 7.442 4.526 8.71 0 
hph.md nJ. 0 ILl 0 
^.md 17.99! 7.988! 19.69! 0 
18.1 X - dx 
1 5 . 
CO X - Ixh 
"CD X - yjh 
- I 1 0 - 謹 
老 X - mh X - xy 
x-gjti 
0.0 — , , . _ _ , 
0.0 5 10 15 18.1 
Model Residuals 
Figure 2.8 Classif icat ion report o f Flos celosiae cristate (雞冠花） 
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Distance to class Residual Model Combined Probability 
Class name 
jh.md 0.8708 0 0.8708 0.5902 
yjh.md 4.283 0.1401 4.285 0.002 
nyh.md 0 5.225 0.0007 一 
mgh.md 0 2.645 0.0006 
jyh.md — 0 4.113 Q.QQQl 
ynh.md 7.974 0 7.974 Q.QQQl 
mh.md Q 8.127 Q.QQQl 
yh.md 5.077 0.08477 5.078 <0.0001 
Ixh.md 0 11.58 <0.0001 
Jgh.md 4.196 1.355 4.41 < Q.QQQl 
hgh4.md 8.4 1.092 8.471 <0.0001 
sfh.md 0 8.716< Q.QQQl 
gjh.md 4.449 0 4.449 0 
hhh.md 0 5.895 0 
kdh.md 0 6.007 0 
mm.md 7.119 0.3976 7.13 0 
xy.md 10.48 4.298 11.33 0 
hh.md 11.36 0.2436 11.36 0 
hph.md 12.62 0 12.62 0 
dx.md 26.13! 11. OS! 28.38| Q 
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Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
jyh.md 0.7057 0 0.7057 0.7378 
nyh.md 5.352 0.2892 5.36 0.0006 
mh.md 5.27 1.014 5.367 0.0006 
yjh.md 5.989 1.095 6.088 0.0003 
yh.md — 3.364 1.843 3.835 0.0001— 
. ynh.md 6.562 4.27 7.829 0.0001 
mm.md 1 里 〇 2.789 <0.0001 
mgh.md ^ 0 3.325 <0.0001 
hgh4.md 4.542 0 4.542 <0.0001 
Ixh.md 13.86 0 13.86 <0.0001 
sfh.md 7.355 0.8307 7.402 <0.0001 
gjh.md 3.751 1.437 4.016 0 
Jgh.md 5.889 0.3917 5.902 0 
hhh.md 一 5.909 0 5.909 0 
kdh.md 6.449 3.257 7.225 0 
jh.md 一 8.247 0 • 8.247 0 
hh.md — 10.19 3.101 10.65 0 
_ xy.md 11.37 0 11.37 0 
hph.md — 11.77 0 11.77 0 
dx.md 一 20.531 4.785| 21.081 ~Q 
20.5 x - d x 
15_ 
X - Ixh 
I 
QC 10 . X - hh 
03 -1 
^ X - j h 
• X - sfh 
異 — 
0.0 _ _ , _ — — , n 
0.0 5 10 15 20.5 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
kdh.md 0.6994 0 0.6994 0.837 
nyh.md 0 4.496 0.0015 
yjh.md 0 7.037 0.0001 
mh.md 0 7.935 0.0001 
mgh.md 一 3.189 Q 3.189 0.0001 
ynh.md 7.953 2.448 8.321 <0.0001 
jyh.md Q 4.596 <0.0001 
yh.md 5.108 0.1782 5.111 <0.0001 
Ixh.md 0 14.22 <0.0001 
sfh.md e m 0 6.712 <0.0001 
Jgh.md 4.444 0.7671 4.51 < 0.0001 
hhh.md 4.882 Q 4.882 < 0.0001 
hgh4.md Q 8.682 <0.0001 
gjh.md 3.948 0.3461 3.963 0 
mm.md 0 7.159 0 
jh.md 8.377 0 . 8.377 0 
xy.md 10.89 0.7737 10.92 0 
hh.md 11.29 1.968 11.46 0 
hph.md ^ 0 12.31 0 
dx.md 23.891 8.QQ5| 25.2j "o 
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Figure 2. 11 Classification report of Flos fararae 徵冬花� 
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Distance to class Residual Model Combined Probability 
Class name 
Ixh.md 0.4397 Q 0.4397 0.8972 
nyh.md 0 4.971 Q.QQ09 
mh.md ^ 0 8.62 <0.0001 -
jyh.md A m 0 4.696 < 0.0001 
ynh.md 9.889 0 9.889 <0.0001 — 
.yjh.md 10.6 4.524 11.52 <0.0001 
yh.md 0 5.252 <0.0001 
mgh.md 0 5.153 <0.0001 
gjh.md 4.413 0.001974 4.413 0 
Jgh.md 0 5.65 0 
hhh.md 0 6.951 0 
mm.md 6.903 0.9979 6.975 0 
hh.md 8.071 0.09046 8.072 0 
kdh.md 9.379 2.293 9.656 0 
jh.md ^ 0 10.13 0 
hgh4.md 9.597 4.501 . _ _ _ ^ 0 
xy.md 9.653 5.102 10.92 0 
hph.md ^ 0 12.28 0 
sfh.md 13.29 2.147 13.46 0 
dx.md 24.34! 10.34| 26.45! • 
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Figure 2.12 Classification report of Flos camps is (凌霄花） 
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Distance to class Residual Model Combined Probability 
Class name 
mgh.md 0 1.054 0.3857 
nyh.md 0 3.691 0.0044 
jyh.md 0 3.286 0.0006 -
yjh.md 〇 5.968 0.0003 
mh.md ^ 0 6.49 0.0002 — 
ynh.md Q 7.087 0.0001 
yh.md 4.31 0.09119 4.311 < 0.0001 
Jgh.md 3.225 1.599 3.6 <0.0001 
Ixh.md 〇 12.54 <0.0001 
hgh4.md 5.898 0.3465 5.908 <0.0001 
hhh.md 0 5.035 <0.0001 
sfh.md ^ 0 8.134< 0.0001 
jh.md 0 5.344 <0.0001 
gjh.md 0 3.951 0 
mm.md 0 6.708 0 
kdh.md V m 0 . 7.204 0 
hh.md 9.27 1.043 9.329 0 
xy.md 11.06 3.033 11.46 0 
hph.md 0 12.61 0 
dx.md 24.〇3| 9.512| 25.851 ~Q 
24.0 x - d x 
20 _ 
(f) 
I 15- — 
I K-t* 
— X - x y 
I 1〇-x-fhhh 
<D X - sfh 
盆 5 感 _ 
議 g h 
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Figure 2.7 Classification report of Flos m a g n o l i a e officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
mh.md 0.6147 0 0.6147 0.7727 
nyh.md 4.868 0 4.868 0.001 
yh.md 3.205 0 3.205 0.0008 
jyh.md 3.649 0 3.649 0.0002 
ynh.md 7.152 0 7.152 0.0001 
jgh.md ^ 0 3.23 <0.0601 
Ixh.md 9.829 0 9.829 <0.0001 
yjh.md 9.937 1.006 9.987< 0.0001 
mgh.md 3.959 0 3.959<Q.QQ01 -
hgh4.md 8.411 0.8195 8.451 < 0.0001 
gjh.md 3.311 0 3.311 0 
m m . m d 5.332 0 5.332 0 
hhh.md 5.593 0 5.593 0 
kdh.md 7.642 0 7.642 0 
jh.md 7.718 0 7.718 0 
hh.md 8.699 0.6536 8.724 0 
xy.md 8.175 4.151 9.168 0 
sfh.md — 9.129 2.525 9.472 — 0 
hph.md 11.13 0 11.13 0 
dx.md 19.84 11.69 23.03| 0 
19.8 X - dx 
15 _ 
" t o -
13 
^ X - hph 
^ lO.x-Xxh/jh fh 
0 . 0 , ^ — — , , 
0.0 5 10 15 19.8 
Model Residuals 
Figure 2.14 Classification report of Flos mume (梅花) 
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Distance to class Residual Model Combined Probability 
Class name 
mm.md 0.7545 0 0.7545 0.7514 
yh.md ^ 0 2.9 0.0018 一 
nyh.md 0 5.612 0.0005 
mh.md 5.909 . 0 5.909 Q.QQQ3 — 
jyh.md . 3.651 0 3.651 0.0002 
Jgh.md 0 3.132 0.0001 ^ 
ynh.md V h 0 7.71 Q.QQQl 
yjh.md 11.26 0.628 11.28 <0.0001 
Ixh.md n ^ 0 11.41 <0.0001 
mgh.md 0 4.092 <0.0001 
hhh.md 0 4.788 <0.0001 
hgh4.md ^ 0 8.313 <0.0001 
sfh.md - 8.571 0.4642 8.584 < 0.0001 
gjh.md - 3.155 0 3.155 0 
kdh.md 0 7.164 0 
xy.md — 7.01 1.71 7.216 0 
jh.md — 9.146 0 9.146 0 
hh.md — 9.58 0 9.58 0 
hph.md — 9.848 0 9.848 0 
dx.md 16.5l| 6.l| 17.6! 0 
16.8 x - d x 
15. 
jn X - Ixh — 
§ X - yjh 
CD X - H 
1 I ' l p 
o X - mh 
晰 
X - ？ 
0.0 _ _ ] _ , , , 
0.0 5 10 15 16.8 
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Figure 2.15 Classification report of Flos chrysanthemi indici (密蒙花） 
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Distance to class Residual Model Combined Probability 
Class name 
nyh.md 0.4153 0 0.4153 0.9112 
jyh.md 3.454 0 3.454 0.0004 
mh.md 6.616 0 6.616 0.0002 
ynh.md 7.165 0 7.165 0.0001 
Ixh.md ^ 0 8.33 <0.0001 
yh.md 4.567 0 4.567<0.0QQ1 
yjh.md 8.899 3.058 9.41 <0.0001 
mgh.md 3.782 0 3.782< 0.0001 
jgh.md 4.264 0.8301 4.344 <0.0001 
hgh4.md 5.032 4.903 7.026 <0.0001 
gjh.md 4.275 0.1688 4.279 0 
m m . m d 6.276 1.118 6.375 0 
hhh.md 6.783 0 6.783 0 
hh.md 7.819 0.7373 7.854 _0 
jh.md 7.856 0 7.856 0 
kdh.md — 9.277 0.671 9.302 0 
sfh.md 一 11.17 2.231 11.39 0 
xy.md 10 5.988 11.66 0_ 
hph.md — 13.13 0 13.13 0 
dx.md 24.49! 26.981 ~~Q 
24.5 x - d x 
2 0 . 
" r a -
^ 1 5 . 
$ x - h p h 
- x - s f h 
2 10 … X - xy 
I 碰 yjh 
n n X - ^ h 
u.u _j2_az , 1 1 i— 1 
0.0 5 10 15 20 24.5 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
sfh.md 0.6908 0 0.6908 0.752 
nyh.md 0 4.752 0.001 r 
ynh.md 5.469 2.263 5.919 0.0003 
mgh.md 0 . 2.819 0.0003 
mh.md 0 7.024 0.0001 
yjh.md 0 7.107 0.0001 
jyh.md 0 4.052 0.0001 
yh.md 4.453 0.3827 4.47 <0.0001 
Ixh.md 0 14.87 <0.0001 
Jgh.md 4.381 0.3796 4.398 <0.0001 
hgh4.md 0 7.094 <0.0001 
hhh.md ^ 0 4.8 <0.0001 
gjh.md - 3.994 0.2522 4.002 0 
mm.md Q 5.685 0 
kdh.md Q • 5.814 0 
jh.md 0 8.703 0 
xy.md Q 10.01 0 
hph.md U ^ 0 11.17 0 
hh.md 11.13 1.869 11.29 0 
dx.md 23.71 7.22s\ 24.is\ 0 
23.7 x - d x 
20 _ 
-
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Figure 2 . 7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
xy.md 0.6683 0 0.6683 0.8668 
hhh.md 0 3.631 <0.0001 一 
nyh.md Q 11.31 <0.0001 
mh.md Q 12.45 <0.0001 
ynh.md 13.6 0.3551 13.61 <0.0001 • 
Ixh.md 0 18.33 <0.0001 
yjh.md 0.9849 19.51 <0.0001 
yh.md 0 7.113< 0.0001 
jyh.md ^ 0 8.835 <0.0001 
Jgh.md 5.323 0.8354 5.388 <0.0001 
hph.md Q 4.527 0 
gjh.md 0 6.365 0 
mgh.md 0 7.608 0 
mm.md 8.375 1.139 8.452 0 
sfh.md 14.8 2.098 14.95 0 
kdh.md ^ 0 15.82 0 
jh.md 15.72 1.904 15.84 0 
hh.md 18.11 — 2.101 18.23 0 
hgh4.md 2 m 0 20.2 0 
dx.md 20.03| 9.674| 22.24| "o 
20.6 x -hgh4 
^ X - yjh X - ax 
X - hh 
TO X - ynh 
-g X - mh 
CO ；< - nyh 
① ^ 
c^  10 _ 
ro X -^yhmm 
I _ 
① c X - jgh 
o-x-hph 
X - hhh 
0 0 , , , n 
0.0 5 10 15 20.6 
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Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
yh.md 0.5566 0 0.5566 0.866 
mh.md 0 5.622 0.0005 -
nyh.md 0 5.705 0.0004 
jgh.md 0 3.068 . 0.0001 
ynh.md 9.062 . 0 9.062 <0.0001 
jyh.md 0 4.803 <0.0001 
Ixh.md ^ Q 10.67 <0.0001 
yjh.md 12.68 0.6955 12.69 <0.0001 
gjh.md 0 2.517 < 0.0001 
mm.md Q 3.554 <0.0001 
mgh.md AJTn 0 4.471 <0.0001 
hhh.md 〇 5.277 <0.0001 
hh.md 6.533 , 0 6.533 0 
kdh.md Q 7.711 0 
xy.md 7.703 3.12 8.311 0 
hgh4.md 0 9.424 0 
sfh.md 9.451 2.467 9.767 0 
— hph.md ^ 〇 10.38 0 
jh.md 10.81 0.2679 10.81 0 
dx.md 14.01! 7.207| 15.75! ] 
13.9 x - d x 
x -y jh 
1 2 _ 
笑x:-“x-sfh 
售。-r-辣4 -
：^  8_x-kdh x - xy 
(D 
— c X - hh 
I 
x-gjh 2 - 、 
0 . 0 _ _ , . , 
0.0 5 10 13.9 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to classResidual Model Combined Probability 
Class name 
yjh。md 0.0817 Q Q.08172 0.9992 
nyh.md 6.783 〇 6.783 0.0002 
ynh.md 9.244 1.14 9.313< 0.0001 
mh.md 9.728 Q 9.728< 0.0001 
mgh• md 3.811 0 3.811< 0.0001 
Ixh.md 16.69 0 16.69< 0.0001 . 
jyh.md 6.417 0 6.417< 0.0001 
yh.md 6.668 0 6.668< 0.0001 
hhh.md — 4.539 0 4.539< 0.0001 
Jgh.md 一 5.222 0.4009 5.237< 0.0001 
gjh.md — 5.867 0 5.867 0 
Jh.md 7.293 0 7.293 0 
kdh.md — 9.214 Q 9.214 0 
mm.md 9.366 Q. 4422 9.376 0 
sfh.md — 10.11 0 10.11 0 
hgh4.md 一 11.59 0.2281 11.59 0 
xy.md 11.93 1.009 11.97 0 
hph.md — 12.84 Q 12.84 0 — 
hh.md 15.41 1.444 15.48 0 
^.md 31.43! 12.161 33.71 0 
31.4 x-dx 
2 5 . 
1 2 0 . 
1 x-lxh ^  
cr 1 5 X - h h 
1 、 等 
I 
0.0 , , rn 
0.0 10 20 31.4 
Model Residuals 
Figure 2.7 Classification report of Flos magnoliae officinalis (厚朴花） 
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Distance to class Residual Model Combined Probability 
Class name 
ynh.md 0.5892 0 0.5892 0.793 
nyh.md 0 5.229 0.0007 -
mh.md 0 6.461 0.0002 
jyh.md ^ 0 3.989 Q.QQQl 
mgh.md 0 .3.251 < Q.QQQl 
yjh.md 8.681 1.328 8.782 <0.0001 
yh.md 0 4.546 <0.0001 
Ixh.md ^ 0 13.12< 0.0001 
jgh.md ^ 0 4.71 <0.0001 
sfli.md i m 〇 7.92 <0.0001 
hhh.md ^ 0 5.123 <0.0001 
hgh4.md 8.684 0.08681 8.685 <0.0001 
gjh.md 0 _ 4.432 0 
mm.md 5112 0 5.772 0 
jh.md ^ Q . 8.275 0 
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Figure 2.22 Flos daturae (洋金花） 
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In the present project, 3 known samples for each flower were used as unknown. As a 
matter of fact, 55 out of the 60 (91%) samples can be correctly identified by S I M C A 
classification method, whereas 5 samples were classified as "misclassified" as these 
_ spectra fit more than one of the classes. The misclassified samples include Flos 
carthami (hgh), Flos mume (Mh), Flos rhododendri mollis (Nyh), Flos daturae (Ynh) 
and Flos chrysanthemi indie (Yjh). 
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Table 3.6 SIMCA Classification result of flower samples 
Number of Number of correct -
samples identified sample 
D X 3 3 
GJH 3 3 
H G H 3 ^ . 
H H 3 3 
H H H 3 3 
HPH 3 3 
JGH 3 3 
JH 3 3 
JYH 3 3 
K D H 3 3 
LXH 3 3 
M G H 3 3 
M H 3 ^  
M M 3 3 
N Y H 3 ^ _ 
SFH 3 3 
X Y 3 3 
YH 3 3 
YJH 3 ^  
Y N H 3 ^  
* one sample was classified as misclassified 
Chapter 3 ： Application of Library Search Techniques - Results and Discussion 75 
3.4 Performance Limitation 
3.4.1 Euclidean Search Method 
In this library search program of this method, the shape of the sample spectrum 
is compared with that of known spectra in a library, and the similarity scores were 
calculated and the best match spectra hit list was reported. Only one reference 
spectrum for each sample is required to build the library database. Moreover, the 
time for the library search is short and thus it is a convenient method. However, this 
library search technique can only report the similarly score of the sample spectrum to 
the reference spectra but cannot classify the sample spectrum. For the case, where the 
similarity scores of the sample spectrum to two reference spectra are highly similar, 
it is difficult to identify the sample spectrum. 
3.4.2 SIMCA 
For the SIMCA, it requires more than 5 spectra for each sample and in order to 
have better recognition results, more spectra would be input into the library databases. 
Therefore for those unknown with small number of available samples may not 
produce satisfactory results with this technique. Further, the time for building up 
library and perform library search using this technique is longer than that using 
Euclidean method. Nevertheless, this technique has a higher recognition power and it 
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can clearly classify the sample spectrum to a reference class. It is more objective and 
easier to be understood by user. 
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3.5 Conclusion 
On the present research, 64 samples of 21 species of flowers were collected and 
extracted by the same solvent system, which included some simple and convenient 
operation steps. 
The flowers samples were identified by using two library search techniques, 
namely, Euclidean Search method and S I M C A classification method. Two library 
databases were built according based on the spectra collected from the flowers. 
The Euclidean Search Method successfully identifies the 21 flowers. 17 out of 
the 21 flowers have highest similarity scores above 95 while 4 out of the 21 flowers 
have average scores between 90 and 95. The four flowers are Flos chrysanthemi (Jh), 
Flos loicerae (Jyh), Flos rosae rugosae (Mgh) and Flos rosae chinensis (Ygh). And 
all the average scores have relative standard deviation below 5%. 
As we can see from Table 3.2 all the similarity scores of the second member in 
the hit list are below 90 while the average scores of known sample spectrum to the 
target reference spectrum are all over 90 with the highest relative standard deviation 
below 5%. Therefore when a sample spectrum has a similarity score to a reference 
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sample of over 95 it can be concluded that the sample and reference spectra are 
similar. For the similarity score between 90-95, there is a possibility that the sample 
and the reference spectra are similar, however for the similarity score below 90, there 
is highly probable that the sample spectra and the reference spectra are different. 
Hence, when the similarity score are below 95 other method for identification is 
required. 
For the S I M C A classification method, the program can clearly classify the 
sample spectrum to a reference class. 55 of the 60 samples (91.7%) could be 
identified correctly while 5 samples (8%) were classified as misclassified. They are 
one sample of Flos carthami (hgh), Flos mume (Mh), Flos rhododendri mollis (Nyh), 
Flos daturae (Ynh) and Flos chrysanthemi indie (Yjh). 
It is thus suggested that Euclidean method be used to identify an unknown 
sample first, since for the Euclidean method, only one spectrum from the unknown is 
required. For the case when the sample has the highest similarity score of below 95, 
the sample needs be identified by the SIMICA classification. As the two methods can 
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